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Project F-43-R, Augmenting Concepts and Techniques for Examining Critical
Flow Requirements of Illinois Stream Fishes, was conducted under a
memorandum of understanding between the Illinois Department of
Conservation and the Board of Trustees, University of Illinois. The
actual research was performed by the Illinois Natural History Survey, a
division of the Department of Energy and Natural Resources. The project
was supported by Federal-Aid (DingelI-Johnson) funds as prescribed under
the Federal Aid in Fish Restoration Act and was performed in compliance
with its provisions. The form, content, and data interpretations made In
this report are the responsibility of the University of Illinois and the
Ill inois Natural History Survey, and not that of the Illinois Department
of Conservation.
STUDY 101. Develop theory, procedures and computer code necessary for the
Implementation of a working Hierarchical Stress Model
Job 101.1. Definition of Hierarchical Stress Model
PROGRESS: Work on this Job was completed during Segment 1. The model's
final form Is given In Table 1; after a review, no substantial changes
were made to the preliminary definition presented In the original AFA.
Job 101.2. Procedures for estimating model parameters
PROGRESS: The basic protocols for estimating HSM constraint Indices have
been worked out and we are now using them on a trial basis with example
data sets. We have concluded that a major distinction must be made
between obtaining estimates for physiological constraints and habitat
constraints. For physiological constraint indices, values can be computed
directly from data on stress response and factor level (e.g., proportion
of a test population showing respiratory stress at different oxygen-
velocity combinations). A one-to-one mapping of constraint Index to lab
data is possible, and as a result no assumptions need be made about the
initial constraint values for an unmodified flow regime. Physiological
constraint can simply be calculated for initial conditions, a change In Q
simulated and new factor levels estimated, and then the constraint index
recalculated.
For habitat constraints the situation becomes more complex. Since the
actual amount of constraint the unmodified habitat exerts on the
population cannot be known (at least without a very major, long-term
research effort), we propose that it be assumed to have a value of 0.5.
This is roughly equivalent to assuming that the population (given no other
constraints) Is In equilibrium with available habitat and that reductions
in habitat will cause a proportional decline in the constraint Index and,
2Table 1. Basic definition of the Hierarchical Stress Model.
A. Let Cij = constraint index for species i at level j
when: i = 1...n (species in analysis)
j = 1 = physiological constraint
j = 2 = habitat constraint
j = 3 = trophic constraint
B. Let CiT = overall constraint for species i
C. CiT and Ci, range in value from 0 to 1
=l/r [r =instantaneous rate of increase]
el/p [p =probability of local persistence]
* E [probability of local extinction]
3
Then, CTi = [Ci]
j2 1
wherev1 is a maximum operator (i.e., take maximum of bracketed series
of arguments)
n
and, physiological constraints Cil = I [Cik]
k-I
where k = physiological constraint factor 1...n
n
and, habitat constraints Ci2 = [ci2K. wk]
k=1
where k = habitat variable l...n
Wk = relative importance weighting for factor k
and, trophic (ecological) constraint
1 n m
c -= - 1 CTx 1 2 -CCi3 2n j=1 CTx + 2n j**= tj**
when j* = l...n is the list of species in the analysis contributing
energy to species population i (i.e., prey)j** = l...n is the list of species in the analysis which remove
energy from species population i (i.e., predators)
Tentative assumptions for analysis:
^ bS = 1 - CTi = probability of population i persisting indefinitely into
the future
CiT = 0.5 - Br where r is the instantaneous rate of increase
iT = 0.5; r20 under present conditions (assumed starting point for
impact assessment)
3therefore, predicted population size. This is a necessary although not
very satisfactory assumption, since it leaves the habitat portion of HSM
vulnerable to the same criticisms often made of the standard IFM, namely,
that there Is little basis In fact to prove that population size is
correlated with total habitat availability. To ameliorate this problem we
are proposing that the habitat analysis be limited to a specified
age-class determined (by data or authority) to most likely be the limiting
age-class (i.e., the age-class with a major growth or mortality
bottleneck). This avoids the confusion of compensating gains and losses
of habitat for different age-classes; focuses the habitat analysis In a
way that is more likely to be ultimately correlated with population
biomass/size; and is philosophically consistent with the rest of the
formulation of HSM.
Job 101.3. Prepare computer code for HSM
PROGRESS: A simplilfled version of HSM has been coded In FORTH to run on a
microcomputer. It is being used to explore various options in calculation
order, etc., prior to coding in FORTRAN.
Job 101.4. Final report
PROGRESS: No work scheduled.
STUDY 102. Augment the physical habitat simulation model (PHABSIM) with
models to include basic water quality parameters and
sedimentation.
Job 102.1. Move PHABSIM to the PRIME 750 and verify
PROGRESS: FORTRAN code for PHABSIM, WSP, IFG4, and related data Input
programs have been obtained from WELUT and copied over to the DENR PRIME
computer. However, serious questions have arisen over the wisdom of
actually converting these routines to run on the PRIME. The benefits of
moving the software from the University of Illinois CYBER are primarily
monetary--there would be no connect time or other charges on the PRIME.
In addition, there would be some improvement In accessibility and ease of
interfacing with large data bases currently maintained by IDOC and INHS.
However, It is now clear that the large amounts of CYBER-dependent FORTRAN
In WELUT's programs, coupled with the relatively primitive and non-
standard I/O handling in the PRIME's FORTRAN IV package, will mean the
code will require large amounts of modification. The cost of this
modification (programmer hours, connect time, etc.) seems likely to match
or exceed the cost of running the programs unmodified on the CYBER. The
benefits of conversion to a different machine are, therefore, unclear at
best.
A final decision on the modifications has been postponed pending the
Installation of a FORTRAN V compiler on the PRIME (February 1985). There
Is some hope that this development may ease (or help automate) program
conversion, since FORTRAN V Is much more standardized in terms of I/O
conventions. Discussions of this issue are urgently needed with IDOC and
are planned for early 1985.
Job 102.2. Oxygen submodel
PROGRESS: A working preliminary version of an oxygen submodel has been
developed and Is undergoing testing. The model Is currently coded In
FORTH and requires the following Inputs: minimum and maximum water
temperature, oxygen demand at a known discharge, photosynthetic oxygen
production rate, and channel morphometry. The channel morphometry data
can be either externally supplied by a hydraulic model like IFG4 or
Internally generated using watershed hydraulic geometry relations
developed for Illinois watersheds by Stall and Fok (1968). Given these
Inputs, the model sets up an Interactive simulation In which the operator
can vary discharge, temperature, or demands and examine the resulting
modification of the diel oxygen cycle. Model outputs include minimum and
maximum oxygen concentrations and cumulative hours below an operator-
established minimum oxygen threshold (e.g., USEPA 5 mg/L standard).
In addition to the model development, substantial efforts during Segment 1
have gone into generating the data required as Inputs to this model.
Specifically, community respiration and photosynthesis estimates and
minimum and maximum oxygen and temperature data have been gathered in
sufficient quantity to provide both seasonal and longitudinal
(geographical) profiles for all required input parameters.
Job 102.3. Temperature Model
PROGRESS: Several empirical models describing the longitudinal and
seasonal temperature profiles have been developed during the Segment. The
Vermilion River exhibits very little downstream variation In mean
temperature but a large downstream variation in the amount of daily
fluctuation. This Is typical of Illinois streams although somewhat
atypical of streams In general. A fortuitous consequence is that a purely
empirical model of temperature-discharge relationships may be feasible; a
model in which the variation in water temperature may be a relatively
simple function of air temperature and discharge (heat capacity). A
multiple regression model along these li nes is currently under
devel opment.
Job 102.4. Sedimentation model
PROGRESS: Work on the sedimentation submodel has been postponed until
Segment 2, pending the start-up of a joint Survey (State Water Survey,
Natural History Survey,and State Geological Survey) research project
funded by DENR which will explicitly investigate (among other things)
sediment transport and deposition in the Vermilion watershed. The DENR
project will substantially Increase the amount and quality of data for
this watershed and will facilitate the modeling of the impacts of flow
reductions on sedimentation as envisioned in this particular job.
Job 102.5. Final report
PROGRESS: No work was scheduled.
STUDY 103. Examination of the effects of high water levels on fish and
stream trophic dynamics
Job 103.1. Fish habitat at high water
PROGRESS: Work on the job during Segment 1 was limited to the development
of a new radio-telemetry system we will use to follow Individual fish
during the high water season. The equipment we have assembled will allow
the continuous triangulation of a fish over a 24-hour period and then a
relocation of all positions for hydraulic measurements. Actual use of the
system to quantify habitat use during high water will begin in spring 1985
(Segment 2).
Job 103.2. Scour effects on productivity
PROGRESS: Throughout Segment 1 we have been collecting data on
longitudinal and seasonal distributions of primary and total productivity
(community metabolism and photosynthesis) in the Vermilion watershed.
These data are being examined in relation to discharge records to document
seasonal scour cycles. In addition to community metabolism measurements,
we have been collecting bi-monthly chlorophyll and organic carbon samples.
Job 103.3. Final report
PROGRESS: No work was scheduled.
STUDY 104. Examination of discharge, velocity, DO, and habitat usage
during Ice cover
PROGRESS: Because of weather conditions, ice-cover on the Vermilion
River was minimal in 1984 (Segment 1) and work on Study 104 was postponed
until Segment 2.
STUDY 105. Gathering physiological constraint data for species in the HSM
analysis
Job 105.1. Metabolic rate profiles
PROGRESS: During Segment 1, a series of flow-through respirometry chambers
with variable volumes were designed and constructed for use in the fish
metabolism studies. ' In addition, a large "active respirometer" was also
built to allow metabolic rate measurements of swimming fish In velocities
ranging up to 50 cm/sec. Live specimens of the 10 target species we will
be examining (Table 2) have been procured and brought Into the laboratory
for acclimatization and we expect metabolic measurements to begin shortly.
Equipment has also been constructed for respiratory stress studies with
Invertebrates including an improved static respirometer and three
experimental flumes. Flume velocity can be varied from 0 to 60 cm/sec;
water temperature and dissolved oxygen concentrations can be controlled as
well. In addition to the invertebrate work, these flumes will be used in
experiments to determine maximum velocity tolerances of smaller fishes as
a part of Study 106.
Job 105.2. Final report
PROGRESS: No work was scheduled.
STUDY 106. Determination of physical habitat usage for species In HSM
analysis.
Job 106.1. Gut analyses
PROGRESS: Three 24-hour fish collections were made during Segment 1 to
provide data on the diel feeding cycles of target fish species. Fish were
collected by electrofishing and seining at 2-hour Intervals over a
8Table 2. Target fish species for HSM analysis.
Common namek
SmalImouth bass
Channel catfish
Common carp
Golden redhorse
Creek chub
Hornyhead chub
Longear sunfish
Orangethroat darter
Rainbow darter
Bluntnose minnow
Scientific name
Micropterus dolomleul
Icta urus unctatus
Cyprinus carLo
Moxostoma erythrurum
SemotlI us atromaculatus
Nocomls biguttatus
Lepomls megalotis
Etheostoma sDectabile
Etheostoma caeruleum
Pimephales notatus
--
9complete 2 4-hour period in May, July, and November. All fish, except
larger smallmouth bass, were preserved In the field and brought back to
the lab for examination. The stomach contents of the smallmouth bass were
retrieved using stomach tubes and the fish was released. Stomach contents
are expressed In terms of a fullness Index (content weight/total body
weight) and examined over time to reveal diel feeding patterns, if and
when they exist. Stomach samples are still being processed.
Job 106.2. Reproductive cycles
PROGRESS: We have proceeded In two areas with this Job. Throughout
Segment 1 we have been involved in a survey of both the literature and of
historical data sets relating to the Issue of high water effects on stream
fish reproduction. In addition, we have scheduled several man-months
during Segments 1 and 2 for Intensive monitoring and scouting for major
spawning sites of our target species. The radio-telemetry gear we have
developed will also be used in this endeavor. A highpoint in this work
during Segment 1 was the location and extended observation of a large
mass spawning area for redhorse In Stoney Creek, a tributary adjacent to
one of our major study sites.
Job 106.3. Generate suitability curves
PROGRESS: Work on this Job, as noted above, has focused primarily on the
development and preparation of sampling equipment (electric seines,
radio-telemetry gear, etc.) with actual data collection to begin early in
Segment 2. In addition to this preparatory work; a series of habitat-
specific fish collections have been made at each of our major study sites.
These data along with additional watershed sampl Ing during Segment 2 (and
detailed ancillary physical data), will be used to supplement site-
specific habitat use data and serve as a basis for a parallel suitability
analysis at the watershed level.
Job 106.4. Comparison of suitability curves
PROGRESS: No work was scheduled.
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Job 106.5. Habitat requirements of Invertebrates
PROGRESS: No work was scheduled.
Job 106.6. Final report
PROGRESS: No work was scheduled.
STUDY 107. Calibration and simulation of the revised habitat and
hierarchical stress models for four Vermilion River reaches
Job 107.1. Calibrate study site reaches
PROGRESS: Four primary and one secondary study site have been designated,
described, and surveyed (Figure 1; Table 3). Our stations represent a
wide range of conditions and features, reflecting the variety of habitat
types occurring in the Vermilion watershed; they range In drainage area
from 24 to 1300 square miles, Including 2nd to 5th order streams. Reaches
at two of these sites have been calibrated at three discharge levels,
while the rest have been calibrated only once or twice to date.
Calibration measurements will continue throughout Segment 2 at each of
these locations to acquire a detailed picture of the variations In
hydraulIc parameters with stream discharge.
Bl-weekly ancillary measurements taken at each major site (and at an array
of intermediate sites to characterize the watershed) included minimum and
maximum temperature, nutrient concentrations (N and P), light penetration,
and turbidity. Minimum and maximum dissolved oxygen and photosynthesis
and respiratory demand were also measured at less frequent Intervals.
Automated recording equipment was used to record oxygen sags weekly at two
of the major study sites (stations 13 and 34).
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Table 3. Principal study stations on the Vermilion River watershed. Site
type refers to degree of activity: 1 = primary site, 2 = secondary site,
and 3 = tertiary site.
Station Site Stream River Drainage
Number Station name type order mile area
11 Homer Smith 3 3 67.71 76.67
12 Lower Saline 3 3 63.59 83.94
13 Thomasboro 1 3 72.54 48.26
15 Flatville 3 1 70.44 9.97
18 Spoon East 3 2 67.08 22.48
19 Spoon West 3 1 67.22 3.61
21 Salt Flats 3 3 65.54 90.63
22 Lower Spoon River 3 2 65.48 39.79
24 North St. Joe 3 3 62.14 145.78
25 North Stony 3 2 38.03 11.32
29 South Stony 3 1 37.28 9.48
30 North Fithlan 3 2 35.44 31.42
33 Lower Stony 3 3 28.75 69.26
34 Simmons Pool 1 4 28.51 383.74
84 South St. Joe 3 4 59.56 236.54
86 Sidney 3 4 54.71 264.77
87 Kicakpoo 1 4
89 Homer Park 3 4 43.11 334.92
90 Smiths Branch 3 2 37.17 25.66
91 Cement Bridge 3 4 34.45 379.25
92 Upper Jordan 3 1 32.91 14.09
94 Confluence 2 5
95 Jordan Pool 1 2 28.71 24.14
96 Jordan Bridge 2 2 28.97 23.96
99 Danville 3 5 1.40 1353.41
Job 107.2.
PROGRESS:
Job 107.3.
PROGRESS:
Job 107.4.
PROGRESS:
Implement HSM for study sites
No work was scheduled.
Final report
No work was scheduled.
Workshop
No work was scheduled.
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